At the same time it is required to minimize the sqnare of the input reactance at selected frequencies. NO available exact synthesis of band-sto ?
lengths and result in responses that are symmetrical about the center frequency. No independent control can be exercised over input resistance and reactance as a function of frequency, and there is no guarantee that the synthesized structure will have practically realizable element values. In the present problem critical restrictions are imposed nonsymmetrically both on the input resistance and on the input reactance at discrete, widely spaced frequencies. Insertion loss is not the primary concern.
The example described here is particular but the method of solution is very general and should be of wider interest.
Almost no background in programming is necessary to follow the main arguments of this paper. 
II. OPTIMIZATION BY DIRECT SEARCH

General Considerations
The parameters of the TD for small signals (Fig. 2 ) are:
where R~i. is the minimum value of R, the negative resistance. A plot of ZTD(jW), the TD impedance, for three values of R is shown in Fig. 3 . Because I RTD(OJ) ] decreases with frequency, R,(Q), the positive stabilizing resistance, should be less at the high-frequency end than at the low-frequency end of the amplification band so as not to deteriorate the gain and noise figure. For stability, less Ri(co) is required anyway to cancel RTD (u) . I X,(u) I must also be restricted, particularly at the high-frequency (inductive) end before R i(w) cuts the TD off, ON MICROWAVE THEoR3?~TECHNIQUES, JUNE 1968 Fig . (u) and X,(W) would be symmetrical and antisymmetrical, respectively, about f., the center frequency. 191+11 This is not desirable, indeed some control over both Ri (u) and Xi (u) is necessary in accordance with the design and performance specifications already outlined. Thus, the line lengths 11, 12, and 13 
1 Young has discussed the interrelation of input resistance and input reactance of minimum reactance networks.
[ii] The reactance of such networks is determined by the resistance, The specific requirements of the problem are given in Tables I and II in terms of (1) to (6), Fig. 8 illustrates the performance specifications SI to S9 and the test frequencies , to~,. The rest of this section is devoted to explaining these tables and Fig. 8 , A suitable objective is to minimize the square of the input reactance at the edges and just above the amplification band, viz.,
1=1 lj =2,3,4,6
Column 2 of Values assigned tofl to~~and SI to Sg that fulfill the aims set out in this section5 are shown in Table II . That a potentially stable broad-band waveguide TDA can result from a combination of the responses of Figs. 3 and 8 and proper inductive tuning (see Fig. 1 ) can be checked by application of the theory of a previous paper by Bandler. 1131 ( 4The SC line was to be dielectric filled in order to shorten its physical length, hence a lower characteristic impedance ZO!' was considered tolerable. Note also that Kuroda's identity dictates that Z02=201' +ZO~'. 
IV. COMPUTER SOLUTION AND EXPERIMENTAL REALIZATION
The Appendix provides a brief description of the five constituent parts of the computer program written to carry out the direct search to solve the problem formulated in Section III. Also given is an algorithm which describes the trial and error portion, for which all the parameters of the network are arbitrarily changed within the constraints listed in Table I . When the loops are exhausted the best solution obtained, i.e., the one having the minimum U, within the specifications of Table II is .fO1 = 3.100200 GHz 11 = 2.417526 cm 2.111000 fOz = 2.699709 GHz h = 2.776155 cm 2.099800 j.~= 2.899991 GHz 13 = 2.584426 cm. Fig. 10 is a plot of ZJjU) using these values. In the final stages of the optimization when the parameter increments were reduced the sixth decimal place was allowed to vary.
None of the limits imposed on the number of iterations around the optimization loops ( Fig. 9 and Appendix) was, however, reached. Note that 1,>11. It is further readily verified that all specifications and constraints have been met.
It is no coincidence that ye,,&& and~~s differ only slightly from 2.1, 3.1, 2.7, and 2.9, respectively. Two principal reasons for this are proposed. First, the OC shunt line at the input ( A photograph of the assembled stabilizing network constructed with coaxial-linesG is reproduced in Fig. 12 . The realization has e The actual TDA failed at first to operate in a stable manner. The fault was traced to a substantial series inductance associated with the TD and its waveguide environment[lel in accordance with Getsinger,[l?l and which was overlooked. A stability analysis of the whole system was made, and a slightly modified stabilizing network was fabricated which led to stable operation. The SC series line (202') is physically shortened by filling it with a dielectric with e,= 5. The terminating resistor is a disc-shaped resistive-film card of about 800 ohms per square.
I ,--------------------------
The center conductor of a miniature 50-ohm coaxial line connects the center rod of the stabilizing network to the dc biasing network, A special coaxial transition["l was made to connect the stabilizing network to a 50-ohm coaxial-line reflectometer test bench through an N-type connector. The return loss of the stabilizing network was measured in the usual way and is depicted in Fig. 13 . The ripples in curve (iii) are 160 MHz apart and are due to the miniature coaxial line which was effectively h/2 long at this frequency. When comparing the curves it should be remembered that discontinuity effects are not theoretically accounted for. Using a coaxial slotted line, the standing-wave minimum at 3.1 GHz was found, as required, to lie at the input which was also the reference plane. This information permits the measured return loss to be reconciled with the theoretical return loss derived from Zi(jw). It is hoped that the present paper will stimulate further interest in microwave engineers to solve some of their design Problems bv computer-aided direct search.
APPENDIX Summary of Optimization Program
The five constituent parts of the complete program are as follows.
1) OPT, the main program. This reads all the data, and instructs the execution of the trial and error loops and optimization process.
2) STAG, a subroutine which calculates the input impedance of the stabilizing network (Fig. 5) at any specified frequency. For the flow diagram see Fig. 7 .
3) TEST, a subroutine which compares the input resistance or input reactance of the network at frequencies fl to f' with the test values SI to S9. See Table I . Control is returned to OPT if any specification is violated. V (Fig. 9) is calculated by TEST. 1 (maximum value 6) determines which YO or fo is incremented, e.g., 1=2 refers to yoz; 1=6 refers to f,,s. J is the consecutive number of times a successful change in one parameter value is made. If the limit JL is reached comment C. is printed out. K is the number of times 1 has changed, limited to KL. When K= KK (for instance 12) the AYO and where H=Z applies to the SC and H= Y applies to the OC. 
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